Nitrogen fixation in Klebsiella pneumoniae during osmotic stress. Effect of exogenous proline or a proline overproducing plasmid.
Osmotic stress, imposed by 0.5 M NaCl or other electrolytes and non-electrolytes, caused over a 100-fold reduction in the whole-cell nitrogen fixation activity of Klebsiella pneumoniae, wild-type strain M5A1. This reduction of nitrogen fixation activity could be reversed by the addition of proline to the culture medium at 0.5 mM concentration. With 0.5 M NaCl, in the presence of proline, nitrogenase activity was 47-fold greater than in the absence of proline. A mutation, originally isolated in Salmonella typhimurium, which resulted in proline over-production and enhanced osmotolerance, was transferred into K. pneumoniae by F' conjugation. Intracellular proline, synthesized at high levels because of the mutation, had similar stimulatory effects on nitrogen fixation under osmotic stress as proline provided exogenously. In the overproducing strain, the cellular level of proline is elevated as much as 125-fold during stress over that seen in the control strain. To determine the mechanism of stimulation of nitrogen fixation by proline during stress, the biosynthesis of nitrogenase polypeptides was studied. Net nitrogenase biosynthesis and the biosynthesis of other unidentified peptides, is strongly inhibited during osmotic stress; proline reverses the inhibition. The role of proline in enhancing nitrogen fixation during osmotic stress is discussed.